occasions usually give fairly similar curves ; but in a proportion of cases wide variations within normal limits are found ( fig. 1 ). In young children such variations are more frequent, and in infants they appear to be the rule rather than the exception. In these children and infants the variations may be considerable, two curves on the same subject sometimes differing in the three inmportant features of maximum level, time of maximum level and duration of hyperglycaemia ( fig. 2 ). It would therefore appear that even with standardized external conditions the state of the alimentary canal itself cannot be so regulated as to produce a consistent rate of absorption.
In view of these facts, it is evident that any conclusions based on slight variations in the blood-sugar curve following oral glucose must be guarded. In order to exclude the variable factor of absorption, certain workers have recently studied the blood-sugar curve following intravenous injection of a glucose solution. In these circumstances absorption plays no part, so that the factors tested are the rates of utilization, storage and excretion. Unfortunately different investigators have employed widely varying dosages of glucose and modes of administration, rendering the interpretation of results, and more especially the comparison of one worker's results with those of another, matters of considerable difficulty.
The present paper is a preliminary report of a.more extensive investigation of intermediary carbohydrate metabolism with special reference to children; it presents an attempt to devise a standard intravenous glucose tolerance test applicable at all ages, and to determine the normal range and constancy of the curves obtained and what constitutes a significant variation in any particular case. The features of a typical curve in a normal subject are illustrated in fig. 3 . The blood-sugar level attains its maximum at the end of the injection and immediately begins to fall rapidly. Even when frequent samples of blood have been examined during the first thirty minutes ( fig. 4 ) no interruption of the steep descent of the curve in this period has been found. Ross (1936a) , on the other hand, reports several double-peaked curves with minor rises during this phase, but does not advance any explanation of this rather unexpected finding. Fasting levels are regained in from forty-five to seventy-five minutes, and later specimens frequently show subnormal values (below 75 mgm. per 100 c.c.).
Constancy of the curve in the individual.-The concentration of the bloodsugar in the two-minute sample is of little importance. At this stage the bloodsugar is falling rapidly, so that slight variations in rate of injection, time of 0'-) .11 11 group.bmj.com on June 22, 2017 -Published by http://adc.bmj.com/ Downloaded from glucose tests. Occasionally subnormal blood-sugar values were found seventyfive and ninety minutes after the injection. When this occurred there was sometimes a relatively wide separation between the two readings at these times (table 1, cases 3 and 9).
The normal range: variation with age.-A considerable degree of constancy of the curve at different times in the same individual has thus been demonstrated, and it remains to consider the amount of variation between normal subjects. For this purpose fifty-three normal or convalescent individuals in whom no abnormality of carbohydrate metabolism was suspected were submitted to the test. On comparison of the results obtained the most constant feature was found to be the time at which normal fasting levels were regained. The upper limit of the fasting level in the present normal series was found to be 100 mgm. per 100 c.c. and the times at which the first readings at or below this level were obtained are summarized according to age groups in table 2. Although the number of cases in some of the age groups is small, these figures show that the power of the infant, relative to body weight, to utilize and store carbohydrate is high ; and that this so-called high carbohydrate tolerance falls off progressively during childhood until the adult level is reached in the ten to thirteen year age group. jected glucose excreted in urine. Discussion As indicated above, the test described has been devised for research purposes rather than for use as a diagnostic procedure. Jorgensen and Plum (1922) used an intravenous test for the differentiation of malignant and benign glycosurias, claiming that their test gave a smaller proportion of doubtful results than are obtained with an oral glucose tolerance test. They employed a con-stant dosage of 20 gm. glucose in 50 c.c. of water, and for the assessment of the results Jorgensen (1926) introduced the 'loading figure '-the sum of the area of the curve above the fasting level in sq. cm. and the time in minutes for the fasting level to be restored. This technique was not adopted in the present experiment for the following reasons:
1. The projected work was to be conducted on children, so that variation of dosage with body weight was considered essential. An infant weighing 5 kgm. and having a blood volume in the region of 400 c.c. could hardly be subjected to the same injection as a child of twelve years of age with a blood volume between three and four litres if the resulting curves were to be comparable.
2. In comparing the effects of glucose injections using water and physiological saline as solvents it was found that not only were nausea and pyrexia more frequent after the water injections but also that the blood-sugar level behaved in a more erratic manner than when the iniection was made with saline. For this reason all the injections in the present series have been made with the glucose dissolved in 0 9 per cent. sodium chloride solution. Ross (1936a Ross ( , 1936b employed water as the solvent, and it is possible that the upset of osmotic equilibrium produced accounts for the double-peaked and irregular curves which he reports ; but Jorgensen also employed a watery medium and he reports no such findings.
3. The introduction of such a mixed and artificial factor as Jorgensen's 'loading figure ' was considered undesirable, especially when it was found that the type of the curve could be accurately defined by reference to the time at which the first blood-sugar reading at or below 100 mgm. per 100 c.c. was obtained.
The choice of this point-the time of restoration of the blood-sugar to 100 mgm. per 100 c.c.-possibly requires some explanation, the usual point taken by other workers being the time at which the original fasting value has been regained. In children to a greater degree than in adults the fasting value fluctuates from time to time, and after eight hours' fasting it tends in many cases to be about the lower limit of normal (table 1, cases 5, 6 and 8). In these circumstances it seems fairer to judge the intermediary mechanism by its ability to restore a normal fasting blood-sugar level rather than the actual level present when the test commenced.
The technique of Jorgensen and Plum has been widely followed by other Scandinavian workers, including Torning (1932 ), Thaysen (1932 and Morgensen (1927) . These latter workers employed the test in an attempt to explain the ' low blood-sugar curve' (Thaysen, 1932) of non-tropical sprue. Ross (1936a) employed an intravenous test, using 10 gm. glucose in 50 c.c. of water in an investigation of carbohydrate absorption in coeliac disease and abdominal tuberculosis ; and an intravenous glucose tolerance test was also used by Fikri and Ghalioungui (1937) 
Conclusions
The test which has been described presents clearly defined normal limits it can be stated that if the fall to 100 mgm. per 100 c.c. occurs in less than fortyfive minutes in children between two and ten years of age, or in less than sixty minutes in children over ten years of age, then increased tolerance is present. If, on the other hand, the fall to 100 mgm. per 100 c.c. is delayed beyond sixty minutes in children under four years of age, or beyond seventy-five minutes above that age then there is some degree of impairment of the carbohydrate tolerance. These statements for the lower age groups are made with some reservation owing to the small numbers of the younger children examined.
The constancy of the curve in the individual ( 
